Hepatitis A virus (HAV) is one of the most important causes of acute infectious hepatitis. The aim of this study was to determine the genotypes of HAV that have been circulating in Koreans. A total of 76 sera referred to our institute for HAV genotyping from 11 Korean provinces were used for this study. Those samples were diagnosed by positive of IgM anti-HAV. HAV RNA was extracted from 150 μl of serum, and reverse transcription PCR-sequencing was used to detect and characterize HAV RNA. Primer pairs from the VP1/2A region of the HAV were used for amplification and sequencing. HAV RNA was found in 64.5% (n = 49) of the 76 patient sera with acute hepatitis A. Forty-seven strains were genotype IIIA in a total of 49 isolated strains (95.9%, 47/49); only two strains belonged to genotype IA (4.1%, 2/49). Thirty eight genotype IIIA isolates were 100% identical to consensus amino acid sequences of the reference strain AJ299467. The amino acid change of L772F was found in two IIIA strains; other IIIA isolates showed one amino acid change. Amino acid of genotype IA was compared to reference strain L20541. K801R was found in 1 strain and Q810S in both strains. The amino acid change of K801R was the first report in Koreans. Until recently HAV genotype IA has been reported as a major circulating HAV genotype in Koreans. In the present study, the predominant HAV strain in Koreans seemed to be HAV genotype IIIA.
INTRODUCTION

Hepatitis A virus (HAV) infection is the leading cause of
clinically apparent viral hepatitis in many parts of the world, including both developed and developing countries. HAV is a hepatotropic member of the Picornaviridae family and has been classified in the genus hepatovirus. Its genome is a linear, positive-sense, single-stranded RNA, about 7.5 kb in length (1) . Good sanitation practices and a clean water supply are essential to the prevention of HAV infection. In developing countries experiencing a high incidence of HAV, the main transmission route of HAV is the fecal-oral route caused by poor sanitation, which increases the chance of ingesting contaminated food or water (2) . In a number of Asian and Latin American countries, the epidemiology is presently changing from high to intermediate endemicity, due to improvements in sanitary conditions (3, 4) . In Korea, due to sanitation-related improvements, epidemic outbreaks of HAV infection have become less frequent (5) . However, recently HAV infection is rapidly increasing nationwide, especially in young people who have a weak immunity to HAV.
HAV strains have maintained low rates of mutation accumulation over extended periods of time (6) . However recent nucleotide sequencing of selected genome regions that encode the putative VP1/2A junction region of wild-type HAV strains present in human specimens has demonstrated substantial sequence heterogeneity. Using this approach, the 165 added to serum and incubated at room temperature for 10 min and 350 μl of binding buffer was added. Lysate was loaded on a spin column and centrifuged at 13,000 rpm for 1 min. After discarding the solution, 500 μl of washing buffer A was added to column and centrifuged for 1 min at 13,000 rpm. After discarding the solution, 500 μl of washing buffer B was added to the column and centrifuged for 1 min at 13,000 rpm. After discarding the solution, the spin column was placed in a RNase-free 1.5 ml microcentrifuge tube, and elution buffer (30 μl) was directly added onto the membrane and incubated at room temperature for 1 min.
Eluted solution (2~5 μl) was used for PCR.
HAV genome amplification
For reverse transcription, 1 μl of RNA solution was heat-denaturated at 68℃ for 10 min. It was chilled rapidly on ice and mixed with 4 μl of 1.5 mM MgCl 2 solution, 2 μl of RNA PCR buffer (100 mM Tris-HCl, pH 8.3, 500 mM Takara TP-100 PCR machine (Takara Bio Inc., Shiga, Japan) was used for HAV PCR. The PCR products were analyzed by 2% agarose gel electrophoresis, stained with ethidium bromide and visualized by UV transillumination.
Sequencing of PCR products
Amplification products were purified on Wizard PCR performed through the use of MEGA software, version 4.0 for Windows. Phylogenetic trees were generated via the neighbor-joining (N-J) method (1) .
RESULTS
Genetic analysis of HAV isolates
HAV RNA was found in 49 samples in a total of 76 sera of HAV patients (64.5%) collected from the 11 provinces of Korea ( (Table 1) . We then performed a phylogenetic analysis of the region between nucleotides 3024 and 3191 and classified the virus strains (Fig. 1) .
Most strains belonged to genotype IIIA, except two strains that belonged to genotype IA.
Changes in amino acid sequences among HAV isolates
A comparison of the amino acid sequences from position 758 to 842 of the VP1/2A region of HAV strains are presented in Fig. 2 . Amino acid substitutions were found 12 and 2 different sites in genotype IIIA and IA, respectively (Table   2) . Within genotype IIIA, the amino acid sequence was conserved with a few exceptions, while greater differences (Table   2 ). These changes in amino acid sequence of genotype IIIA have never been reported in Koreans. Two HAV genotype IA strains were compared to reference strain L20541. The amino acid change of K801R was found in one strain, and that of Q810S was found in both strains (Table 2) . Among several genome regions of HAV, including the C terminus of the VP3 protein (22) , the N terminus of the VP1 protein (12) , the junction region of VP1/2A proteins (23, 24) and the entire VP1 protein (25) In the present study, a phylogenetic analysis of the sequences obtained from distinct HAV isolates revealed that most of the strains were genotype IIIA (95.9%); IA was found in only 4.1% of the specimens (Fig. 1) . Executing a comparison of the partial nucleotide sequences of the HAV genome is a useful approach to defining the differences among HAV isolates (27) . The molecular characters and amino acid sequences homologies of HAV isolates at the VP1/2A region of HAV genome were compared to reference strains, AJ299467 for genotype IIIA and L20541 for genotype IA, which were used in a previous study (19) . HAV strains detected in this study showed over 96.0% identity compared to reference strains. Most genotype IIIA isolates showed the same amino acid sequences compared to reference strain; other isolates were conserved, with one or two amino acid changes (Fig. 2) . This is the first report of amino acid changes of genotype IIIA in the VP1/2A region of HAV in Korean population. In two genotype IA strains, one strain was changed from K to R in position 801, while the other strain was changed from Q to S in position 810 (Table 2 ). The amino acid change of K801R of genotype 1A strain is the first reported in this study, whereas Q810S was frequently found in a previous study (19) . The present study indicates that HAV genotype in Korea seemed to be changed from genotype IA to IIIA. These changes suggest that there is a need for continual surveillance that focuses on strain variation, and that it is important for understanding the epidemiology and development of a strategy for disease control and prevention.
